Abstract: Isomeric fluorinated α-bromoenones react with dinucleophilic β-mercaptoalcohols in CH 2 Cl 2 at room temperature in the presence of Et 3 N in a multistep process. Depending on the position of the CF 3 group, different O,S-heterocycles or noncyclic products were obtained. Whereas in the case of 3-bromo-1,1,1-trifluorobut-3-en-2-ones derivatives of 1,4-oxathianes were formed, the isomeric 2-bromo-4,4,4-trifluorobut-2-en-1-ones yielded 1,3-oxathiolanes or non-cyclic sulfides. The thiaMichael addition is proposed as the initial step of the reaction, and the final heterocyclization is governed by the location of the CF 3 group. 
Introduction
Reactions generally known as Michael addition are widely applied for the synthesis of both chiral and achiral organic compounds. [1] Depending on the structure of the Michael acceptor and the nucleophilic Michael donor, the reaction leads to diverse acyclic final products. Michael reactions with dinucleophiles open access to a plethora of heterocycles with diverse ring size and heteroatoms via an addition/heterocyclization sequence.
The development of methods for the synthesis of fluorinated heterocycles is of current interest, [2] and reactions with fluorinated Michael acceptors, especially with α,β-unsaturated trifluoromethylketones, offers a straightforward approach to this class of compounds. [3] In a series of recent publications, reactions of 3-bromo-1,1,1-trifluorobut-3-en-2-ones with dinucleophiles such as 1,2-diamines and β-aminoalcohols have been studied in detail. [4] The formation of piperazine and morpholine derivatives, respectively, was explained via a cascade of reaction steps, initiated by the Michael-type addition. Moreover, in a recent study, α-bromo(trifluoromethyl)enones were described as prone heterodienes, which reacted with α,β-unsaturated aldehydes in the presence of an organocatalyst to give highly substituted fluoroalkylated 3,4-dihydro-2H-pyrans in an asymmetric hetero-Diels-Alder reaction.
[5a]
On the other hand, we reported that electron-rich thiocarbonyl S-methanides 1 react chemoselectively with isomeric 1,1,1-trifluorobut-3-en-2-ones (2) and 4,4,4-trifluorobut-2-en-1-ones (3) yielding 1,3-oxathioles 4 or tetrahydrothiophene derivatives 5, respectively, as products of the [3+2]-cycloaddition (Scheme 1).
[5b] Based on this observation, and prompted by results reported by Nenajdenko and collaborators, [4] we decided to examine reactions of β-mercaptoalcohols as binucleophilic agents with α-bromoenones derived from 2 and 3. Thiols are known as excellent nucleophiles in Michael addition reactions, and thiol-Michael additions have been studied extensively. Two recent comprehensive reviews summarize its importance in materials chemistry [6] and biological chemistry. [7] In the latter case, the thia-Michael addition found application for the detection of thiols in living cells.
[8]
The reactions of non fluorinated α-bromoenones 6 with aliphatic and aromatic thiols, performed in the presence of a base, gave either α,β-disulfanyl ketones 7 or α-sulfanylenones 8 resulting from a sequence of addition and elimination reactions [9] (Scheme 2). In a very recent publication we reported on reactions of diverse thiols and selenols, including β-mercaptoalcohols, with electron deficient dialkyl dicyanofumarates. [10] In these systems, instead of the expected thia-Michael addition, a new redox reaction, resulting in the formation of the corresponding disulfides or diselenides, respectively, was observed. The course of the reaction was rationalized by a SET mechanism, which replaced the expected addition of the reactive R-XH (X = S or Se) nucleophile to the C=C bond.
The goal of the present study was to examine whether the reaction of fluorinated α-bromoenones with β-mercaptoalcohols is limited to the Michael addition or heterocyclization within the initially formed adduct will lead to fluorinated O,Sheterocycles. In addition, the influence of the position of the CF 3 group on the reaction course and the type of the final products should be investigated.
Results and Discussion
Earlier studies with fluorinated α-bromoenones relate to 4-aryl-3-bromo-1,1,1-trifluorobut-3-en-2-ones 9 exclusively.
[4]
The isomeric 1-aryl-2-bromo-4,4,4-trifluorobut-2-en-1-ones 10 were prepared for the present study as a mixture of (E/Z)-stereoisomers from enones 3 [5b] via a bromination/dehydrobromination procedure. An alternative method for its preparation was a multistep reaction starting with 2-bromo-3,3,3-trifluoropropene leading to (E)-configured enones 3, which subsequently were converted to (E)-10.
In a test experiment, α-bromoenone 9a was reacted with mercaptoethanol (11a) in the case of 9c, the yield of the isolated product 12f was low (17%). The chromatographic separation of the reaction mixture delivered, along with the desired product 12f, a comparable amount of an oily material, which, according to the registered spectra, consisted of a mixture of non-identified compounds.
In order to compare the influence of the CF 3 group, mercaptoethanol 11a was tested in the reaction with α-bromoenone 10a, which is an isomer of 9a, under the same conditions (CH 3 Cl 2 , Et 3 N, r.t.). In that case, the product was obtained as an oily When the reaction of 11a was performed with 10b, bearing a 4-methoxyphenyl substituent, another reaction course was observed, and the sulfide 14a was isolated in 76% yield. The structure of this compound was elucidated on the basis of its spectroscopic data. In addition, the same type of sulfide, 14b, was obtained in 34% yield when 10a was reacted with 11c. Also in this case, the isolated product was identified as an inseparable mixture of two diastereoisomers in a ratio ca.1:1 ( 19 F NMR). give 18, and subsequent elimination of 11a. No attempts were made to evidence the appearance of the thiiranium cation 16 but analogous intermediates are frequently postulated in reactions of β-halogen-substituted sulfides or thiols [9] with nucleophiles (so called 'neighbouring group participation'). However, in a recent study, the attempted NMR detection of an intermediate of that type was completely unsuccessful. The explanation of the reaction pathway leading to 1,3-oxathiolane 13 from α-bromoenone 10a and 11a via the Michael adduct 19 as key intermediate is based on the assumption that after elimination of HBr the α,β-unsaturated ketone 20 is formed (Scheme 6). The latter undergoes preferably the heterocyclization leading to the 1,3-oxathiolane 13. On the other hand, the formation of sulfides 14 can be rationalized by intramolecular substitution of the Br atom (S N i(Hal)) [12] in 19. This step leads to the zwitterionic intermediate 21, which reacts with water to give 14. 
14.

Conclusions
The presented study shows that in addition to 1,2-diamines and β-aminoalcohols, β-mercaptoalcohols are useful dinucleophiles for exploration in reactions with fluorinated α-bromoenones as superior Michael acceptors. The comparison of the results obtained with isomeric fluorinated butenones demonstrates that the CF 3 group governs the reaction course. In both systems studied, the initially formed thia-Michael adducts undergo further transformations, and in both reaction pathways, the final heterocyclization occurs via intramolecular nucleophilic attack of the OH group at the electrophilic sp 2 -C-atom bearing the activating CF 3 group. In two of the studied cases, the initially formed Michael adducts undergo an intramolecular halogen-substitution, which is a competitive process of the sequence HBr-elimination/cyclization. 
Experimental Section
Starting materials
Commercially available solvents and mercaptoethanol (11a) were used. β-Mercaptoalcohols 11b-d were synthesized according to ref. [13] The fluorinated β-bromoenones of type 9 [14] and 10 [15] were prepared based on the published procedures.
Synthesis of 4-aryl-1,1,1-trifluorobut-3-en-2-ones 2
General procedure: Trifluoroacetone (2.0 g, 17.8 mmol) was added to the solution of an appropriate aromatic aldehyde (4.40 mol), acetic acid (400 mg, 6.67 mmol) and piperidine (300 mg, 3.53 mmol) in anhydrous toluene while cooling the reaction flask in an ice-bath (0° C). The reaction mixture was left over night and was then diluted with CH 2 Cl 2 (~10 ml) and a saturated aqueous solution of NH 4 Cl. The organic layer was separated and the water phase was washed with CH 2 Cl 2 (3x10 ml). The combined organic layers were dried over anhydrous Na 2 SO 4 , filtrated, and finally the solvents were removed under reduced pressure. The crude products were purified on an automatic flash chromatography system on SiO 2 columns with mixtures of petroleum ether with increasing amounts of CH 2 Cl 2 (0-5%) as an eluent. 1, . [5] Yield: 449 mg (51%); yellow oil.
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Synthesis of 1-aryl-4,4,4-trifluorobut-2-en-1-ones 3
General procedure: 2-Bromo-3,3,3-trifluoropropene (4.7 g, 0.027 mol) was dissolved in anhydrous THF (30 ml) and the reaction flask was cooled to -78 o C. Next, a solution of LDA, prepared from diisopropylamine (5.4 ml, 0.035 mol) in THF (30 ml) and a 2.5M solution of n-BuLi in hexane (14 ml, 0.035 mol) at -78 o C, was added dropwise and the mixture was stirred over 15 min. Then, an appropriate aromatic aldehyde (0.015 mol), dissolved in THF (~5 ml), was added. The cooling bath was removed and the reaction flask was left to reach room temperature. Next, a 1M solution of HCl (50 ml) and AcOEt (50 ml) were added. The organic layer was separated and the water layer was washed with AcOEt (3x50 ml). The combined organic layer was dried over anhydrous Na 2 SO 4 , filtrated, and the solvents were removed under reduced pressure. The crude 1-aryl-4,4,4-trifluorobut-2-yn-1-oles were used for next step without purification.
A 1-aryl-4,4,4-trifluorobut-2-yn-1-ol was dissolved in THF (120 ml) and Et 3 N (6.06 g, 0.060 mol) was added. The reaction mixture was heated to 60 °C over 12 h in an Ar atmosphere. Next, the solvent was removed in rotary evaporator. The products were purified by column chromatography on SiO 2 with petroleum ether with increasing amounts of CH 2 Cl 2 (9:1) as the eluent. The diastereoisomers (E/Z) were not separated. 
Synthesis of β-mercaptoalcohols 11c,d
1-(Benzyloxy)-3-mercaptopropan-2-ol (11c)
Obtained following the reported procedure. [13] Yield: 562 mg (89%); yellowish oil. 9, 128.4, 127.9, 127.4, 73.3, 72.2, 71.2, 28 
1-(Allyloxy)-3-mercaptopropan-2-ol (11d)
Obtained following reported procedure. [13] Yield: 527 mg (71%); yellowish oil. 
Reactions of bromoenones 9 and 10 with β-mercaptoalcohols
General procedure: A β-mercaptoalcohol 11a-d (1 mmol) 
